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Introducticn. 

Tl^ere   ere  many  methods  epplicsble   to  the   detfrvlnetion  of  the 
index  of   refraction   of  e  ges   for  weve-len--;ths   in   the   visible   spec- 
trum and  near  ultra-violet  spectrum.       Any  method   to  te  of  univer- 
sal  use   must  give    results   in   the   extrenie  ultre-violet,   whicn   are 
eccurate  to  the   same   degree   as   those  in  the  visible   region.      It 
was   the   purpose   of   the   present  investigfition   to   study  the  use   of 
the   plfine   grating  in  extending  as   far  as  possible   into  tre   ultra- 
violet region  the  dispersion  curve   of  a  gf.s.      The   test  of  any  method 
is  the   value  of   the   results  derived  by  it,    consequently  the   index 
of  refrecxion  of  air  hps   been   cbtained   for  different  wave-lengths 
betv/een  2493  end   6412  A.U.     A  careful  study  of  the   possibilities 
end   difficulties  of   the  method  has   been  made. 

Historical. 
As   the  problem  of  finding  the  index  of  refraction  is   an  old 
one,    it  hfiS  been  undertaken  by  a  great  rtisny  investigptors.        A   few 
of   the  most  impc  rtant  methods   v/ill   be    reviewed   along  with   the   results 
found  .- 

The  dispersion  of  grses  was  first  studied  by  Ketteler^  '  ,  who 
placed  between  the  pletes  of  i  Jamin  interferometer  two  tubes  of  equcl 
length,    filled  with   the  gas  under  investigation.      The    fringe    shift  was 


(1)    "Fogg.   Ann."   vol.    124,   390-4C6,   1865. 
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observed    for   e   definite   chenge   in  pressure    rf   the   gas    in   one   tube. 
This  metfiod   gr.ve   Ebsolute   VRluee   for  the    index  of   refrpction  but  the 
range  of  observetions  wes  limited  by  the  difficulty  of  obtaining  effi- 
cient sources   of  mo no  chrome tic  light.        He   obtained   the   index  of   re- 
fraction of  yellow  sodium  lijrht  for  sir,    cfirbcn,   dioxide,   hydrogen, 
sulphur  dioxide   end  cyanogen. 

Lorenz         working  with   r,   similrr  epperstus,    repeated   some   of 
Ketteler's  measurements  and   dettrndned   the   refractive   indices  of 
air,    hydrogen,   oxygen  and  nitrogen  for  the   sodium  and  lithium  light. 
He   passed  the  air  through   proper  solutions  to   free   it  of  moisture  and 

carbon  dioxide. 

(2) 
h'ascprt^        divided  a  beam  of  light  into   two  parts,   passed  these 

parts  through  two  tubes   filled  with  the  gas  under  investigFtion,   re- 
combined  them  and  passed   them  through  a  sptctrosccpe.     If  the  pressure 
in  the   two   tubes  be   different,  Talbot  bands   appear,   due   to  a  change  in 
the   optical  path.      He  measured   the  absolute   value   of   the   index  cf  fe- 
frnction  cf   air  and   chlorine    for  sodium  light  an*^   the    relative   values 
for  the   four  cadmium  lines.        Perreau^    '    used  the  actual  tubes  of 
l/ascart,   but  discarded   the  method  involving  Talbot  bands   end  obtained 

(l).   L. Lorenz. "Ann  der  rhys.    und   Chem."  N.J".    11,    70,    18SC. 

(2).   {.'ascart.    "Comptes  Rendus ,   86,   321,    1878. 

(3)    .   Perreau.    "Ann  de   Ch.    et  de   Physique"   7,   289,   1896. 


a  tended   apectrum  ty  Bnelysing  white   light  which  had   pp-ssed   through 
p.   Jsmin  refrrctnmeter.      Kfiyser  end  hunge^    '    plpced   p.  hollow  prism 
between  a  photographic  plate   and   a  large   concave  grating  and  meas- 
ured  the  displacement  of  various  spectral   lines  when  the   pressure   of 
the   sir  in  the   prism  was   chpriged.      They  worked  between  a.=  563G  and 
\=2360  with   fi  pressure   change  of  10  atraospheree. 

Rentschler  used   r  Fabry  and  Perot  interferometer  end  a 

concave   grating  and   determined   the   indices    of  refrf.cticn   of  air, 
nitrogen,   oxygen,    cprbon  dioxide  end   cprbcn  monoxide   from  /\.=5769   to 
/n.=3341.     The   interferometer  plates  vere   silvered,    pnd    fs   the    reflect- 
ing; pover  of   silver  is   low  between  a.=2280  and   K' *  3341   l^ie    results  were 
not   carried    below  k  =  3341. 

The  most  recent  v/ork   in   the   visible    spectrum  is   thtt  of  C.   &  M. 

Cuthbertson.        They  used  8  Jemin  refractometer  and  determined  the 

(3)  (4) 

indices  of  refraction  of  air,    oxygen,  nitrogen,   hydrogen^      ,   neon     , 

krypton,    xenon,   helium,    snd   ergon^    J   between  K  =  6563  snd  K  =  4661. 

Very  recently  ei\  excellent  investigtiticn  of  thib   problem  hps   been 
carried  out  by  Miss  Howell'.      By  using  a  Fabry  rnd  Perot  interferometer 

(1).  Kayser   end   Kunge."Mnelen'  "der  Physik"    5C,   293,    1693. 

(2).  Rentschler.    "Astrcphys.    Jl."   26,   345,    19C8. 

(3).  C.   and  M.   Cuthbertson. "Froc.  Roy.    foe."   83,   151,    19C9. 

(4)  "  83,    149,    19C9. 

(5)  "  ei,   44C,    19 C8. 

(6).  I/iss  Howell,    "phys.   Review"   VI,    61,   1915. 


(with  pistes  nickeled  by  cathode  discbMrge) ,    in  ccnnecticn  with  e 

quprtz  spectrcgreph,   she  bes  extended  the  dispersion  curve  of  air  to 

K.  =  2652  end   those  of  hydrogen,   oxy^^en,    snd    CF.rton  dioxide   to  \  =  2753. 

Dispersion  formulsB   for  these   gbses  were   Balculated   from  the   results 

obtained.      This  method   is  superior   to   that  in  "jhich   e  Jemin  refrpctom- 

eter   it  used,    in    thpt  the    terr.pereture   can  be  more   eesily  ccntrclled   end 

it  is   not  necessRry   to   count   the   n'omber  cf  interference   bands   going  by 

for  8  change  of  pressure.     This  latter     advantage  makes   it  possible  to 

work  in   the  ultra-violet  region. 

The  method  here  described   consists  in  determining  the   index  of 

refrscticn  of   p   g-ps  by   finding  the   ratio   cf   the  vave-lengtVs   in  vscuum 

and   in  the   gas,    by  means   cf   s  Hcvlend   plane   grating,   using  a  Littrow 

type  of  mounting.     The  general  idea  involved   is  not  new,    for  Csborne 

and  Lester  used   this  m.ethod    for  the   deterirdnjition  of   the   index  of 

refraction  of  a   liquio.      Its   application  to   a   gfs   is  new  and    there   are 

msny  detsils   in  which  this  rethcd  differs    from  the  one  mentioned  above. 

.  Theore tij:al  Conside rations . 

If  V,  is   the  velocity  cf   light  v.'aves   in  the  pure   ether,   v, 

the  velocity  in  b  definite  gas,   then  the   index  cf   refraction  of  the   gas 

with  reference   to   the   ether  is  defined   as  the  ratio  of  v„    to  v.     Calling 

the   index  of   refraction  n,    we  have 

^  -  ^    -  ^  h'  where    V    is   the     frequency  corresponding 

V  >>  \ 


(l)Csborne   and  Lester  "Physical  Review" ,    35,    210,    1912. 


to   the  weve -length   K. 

,' .  "  =  iio  f"'^  ""^  -  ^»-  ^   =  £yf^   ^'i) 

'    '  I  '    K  k 

The  wfive-lengtbe   in  eir,    k,    ere   very  Eccurctely  kno\vn,    so   it  is 
necessary  to   rr.essure   the  w^eve -lengths, \^,    in  vp.cuum,    or  rsther  to 
obtain   the   change   in  wBve- length,  ^k,    of   the   light   for  a   known 
change   in   pressure   of   the   gae.  To   Rcccmplish  thie,    the    fundejuentel 

principle  of  the   grating  is  made  use  of.     The   condition   that  we  obtain 
a  bright  line   of  m''^'^  order,   ?:'hen  white  light  is  allowed   to   fall  upon 
a  plane  grating,    is   that  the  path     difference  between  rays  reflected 
from   fid  j  scent  grooves   shall  be  rak,   where   A.   is   the  weve -length   of   the 
line   in  question.     The  equation   for  the  Littrow  mounting  is 

m/^  =  a  (    sin  9  +   sin  i  )      (2) 

where   9  is   the   angle  of  incidence   of  the   light  and   this   is   kept   con- 
stant,   ard   i   is   the   angle   erf   the   diffracted  beam  -   i   differs  very 
slightly  from  9.     If  the   grating  is  surrounded  by  a  gas,   let  the   path 
difference    for  some  particular  line   in  the  spectrum  be  mA., .     Then 
when  the  same  grating  is  placed  in  a  vacuum,   the   pfth  difference 
between  adjacent  grooves   for  the   same   line  will  be  m\,  according 
to  equf.tion   ( l)   where   )\.   is   Ifrger   than  K,.      Since   9   is   constant 
in  equation   (2)    the   change   in  >^  is    FCCompc.nied  by   a   change   in  i  and 
a  shift  of  the  line   is  observed.     If  a  photo,;praphic  plate  is  placed 


6 
in  the   focal  plsne   of  the   observing  telescope,    this  shift  cen  be 
recorded  by  iTieking  two  exposures,   one  with   the  grating  in  VBCuum 
end   the   second  with   the   grating  in  the   gas,    keeping  the   grating 
fixed  during  the   two  exposures. 

Appr:ratus   snd  T'ethod. 

The  Littrow  form  of  spectrometer  (    Fig.   l)  vtbs  used,   in 
which   the   collimetor  and   observing  telescope   are  united.     The 
plane   grating,   mounted  on  a  heavy  iron  base-plate,    receives   the 
light   from  the  objective   end   returns  the  diffracted  beam  along  the 
same   path  as   the   incident  light  or   rlong  s   path  which  makes   a  very 
small   angle  with   that  of   the   incident   light. 

To   avoid   instrumental  shifts  due   to   the   possible   relative  motion 
of   the  prrts   of   the   apparatus   it  was  necessary  to  mount  the   apparatus 
as   rigidly    rS   possible.      Two  3-inch   iron  I-beams,   IC   feet   in  length, 
were    fastened   together  and   parallel  to   each  other  so   tnet  the   flanges 
gave  a   firm  horizontal  surface   on  which   to   mo'ont  the   various   parts. 
At  one  end    a   cast   iron  base-plate,    8.5    inches   in  diameter   and   1,25 
inches   thick,   was  mounted   and   insulated    from  the  I-beams   by  hard  rub- 
ber supports  so   es  to   prevent  as  much   as   oosaible  the    transference   of 
beat  to  or   from  the   plate.      At   the   centre   of  this   plate    the   grating- 
holder  was   tttf;ched  with  the   proper  adjustments.       Just  behind  the 
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grating  holder  the    connection  to   the   pump  and  outside   i)ir  wae  mpde 
RS  sho"*i   in   Fig.   2.      At   the   other  end   of   the   I-beEme   an  iron   plete, 
cprrving  the   slit,    reflecting   ..rism  and    photOfTsphic   plate  holder, 
v.'RB    fastened.      The   collimator  lens  was  mounted   on   a  slide    fastened 
between  the  I-beame.      In   focussing  the   epparetus   for  any  definite 
region  of  the  spectrum  the   .late  holder  and   slit  were  kept  fixed 
and   the   collimator  lens  moved.      A  heavy  brass   bell   jar,    5   inches   in- 
side  diameter,   5.5   inches   deep  with  walls  3/8ths   of  an  inch   thick 
F.nd   a   heavy  flange   r>t  the  bottom,    covered   the   [^ratiYig,     The    front 
was   frr8n,«ed   so   that  a   quartz  window  could  be   inserted   and  made   sir- 
tight.      The  opening   for  the  window  was   1   x  1.5   inches.      Through    a 
hole   in   the    top  of   the   tell-jar  a  therrrcrae ter,    reading  to   tenths   of 
a  degree,   was  inserted,   in  order  to   determine   the   temperature   of  the 
gas   under  investigation. 

A  Rowland   2.5   inch   grating,    ruled  with   15CO0  lines   to   the   inch, 
was  used.        As  more    accurate   results  v/ere  obtained  by  using   the 
higher  orders,    a  grating  v.-as  selected  which   gave  a  bright  third  end 
fourth  order.      Cn   account  cf   the  high   cot-fficisnt  of  expansion  of   spec- 
ulum metal  every  pi'ecaution  had   to    ce  taken  to   keep  the   temperature  of 
the   grating  constant  during  a  series  cf  exjosures.      A  heating   coil 
wound   on  the   inside   walls   of   n  large  wooden  box  (    15   x  22   x  3C  inches), 
surrounding  the   bell- jar  helped!  to   keep  the   temperature    constant. 
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Then  the  insiBsiveness   of  tVie   bell    jrr  tended   to   oppose   any  rapid 
changes  in  the   temptreture  of  the   inside.     This   problem  of   ter;.per- 
sture  has   prcven  a   very  serious    trouble   end   it  will  te   riiscuijsed 
more    fully  in   a  later   pfTagrapb. 

The   entire   optical  system,    consisting  cf   a  small   condens- 
ing lens,    C,    a   totally   reflecting  prism,    P,    the    collimator  lens,  L, 
end   the   pi sjne -parallel  plate,  V.',     was    ruf-de   of  quartz.     As   a   source 
cf   light  the   t'fund    iron   pre  was  used.      This   was   operated   en  the   110- 
volt   circuit  with   5  or  £   aniperea,    except  in   the   red   region   of   the 
spectrum  -wrtnere   the    current  was   increased.      An   image   of  the    ere  was 
thrown  on   the   slit,   S,    by  means   cf   the   condensing  lens,    C,    end   a 
larger  image  was   projected   en   the   wall  of   the   room  st  a  distance   of 
15    feet  30   PS   to   be    certain   thr-t   the   same   pirt  cf   the   arc  was  being 
used   in   the   two  exposures,   with   and  without  the   gas.     The   observations 
were    recorded   en   photographic    plf.tes,   which   -."ere    neve  loped  with   rodinal. 
The   general   procedure   in   obtaining  observations  was    to   pump  out  the 
bell-jpr  until   the   pressure  was   a  sniBll    fraction  cf  e  millimeter  of 
mercury,    take   an   exposure   on   the    photographic -i-late ,    then  let   in   the   air 
through  drying  solutions  and  rr.ake   e.   second  exposure  on  the   seme    clste, 
being  very  ctreful  not  to   disturb  it   letween  exposures.     In  order  to 
obtain   all   results    under  exactly   the   same    conditions   a    scheme    for  the 


operations  wes   fdcpted   and   Bdhered   to   throughout  the  entire  work. 
The   importance   of   this   procedure  will  be   touched   upon  in  discussing 
the    tenperpture    ccnditicns.      The   scheme  *rc    tc   pump  out  and   1ft  in 
the   sir  at  intervals     of  twenty  minutes,    taking   the    first  exposure 
so   thpt  the  middle  of  the  exposure   ceme   three  minutes  before   letting 
in   the   air  snd   the   second   exposure   three  minutes   fifter  letting   in 
the   pir.      The   exposures   for  different   regions   of   the   spectrum  varied 
from  15   seconds   to   5  minutes,    so   it  "Bs   necessery  to    fdopt  the   three 
minute   intervels   mentioned   pbove. 

The   third  order  spectrum  w&s  used   bet'ween  \  =  6400  and   k  = 
4300;    the    fourth   order   from  \  =   4100  tc   k  =   27CC;    end   the   third   order 
for   the  extreme  ultra-violet   otservstions.     Evck  though   the   c-/erlfiyp- 
ing  spectra  were   not  in   focus,    much    trouble   wds   experienced   by   the    fog 
produced  on  the   pistes.     By  the   proper  selection  of  absorbing  solutions, 
this  was    Fvoicied   to   e  certain  extent.     A  cell   containing  the   solution 
vvfis   plsced  in    front  of  the   slit  of   the   spectrometer.     The  spectn-un  of 
the   iron   arc   is   most  intense   in   the   region   of   \  =  3900,    and   it  was   nec- 
essary to   find   p.  solution  which  would   absorb  this   region  and   transmit 
lower  regions  in   the  ultra-violet.      For  this   purpose   chromium  chloride 
or  nickel  sulphste   in   a  cell  with  quartz   fades  vps   found   to  be   very 
good.   The    fonr.er  hfis   an  absorption  band   extending   from  K  =   3SCC   to 
X.  =  45CC  and   the    latter  a   band    from  K  =  37CC   to   /^  =  4250,    a   second 


band    beginning  et  K  =  235C.   The   cell  vvrs   FCout  1   cm.    in   thickness 
and    filled  witri   dilute   solutions   of  the   »bov6    compounds. 

In   the   design  of  the   spppratus   eny  mechanism  for  setting  the 
grating  witKcut  removing  the    cell-jpr  was   purposely  avoided,    for  it 
ves   thought  thft   such  en  orrangeraent  might  cause   sr.   instruments!  shift 
in  the  grating  when   the  pressure   in   the  enclosure  wes  chenged.     The 
constant  temperature  box  was   arranged  so   that  it  could  be   removed   in 
sections  without  injury  to   the   heating  coil   pnd   t'cep.  the   bell-jar  wes 
removed    from  the  bsse   plate.     The   grating  was  set  at  the  desired  angle 
by  means   of   r.  telescope   and   scale,   using  the   grating  as  a  mirror,     ''ben 
the   bell-jar  was   re  1  feed   over  the   grcting  it  was  necessary  tc  make    the 
plane-parallel  quartz  window  perpendicular  to   the  incident  light  from  the 
lens.      It  WES   by   fccident   that   a  very   fine   meens   of  doing  so  wes   fo'ond. 
A   certain   percentage   of   tne   incident  light  is    reflected  by   the  window 
and   this   is  brought   to   a   focus   in   the   focal  plane   of  the   ccllimfjtcr  lens, 
thus   producing  an  image  on   the   photographic  plate.      By  regulating  the   tilt 
of   the   grating  end    the   height  of   the   plate   the   image   could   be  made   to    fall 
just  below  the   spectrum  en  the   plate.     In  the  discussion  of  the  observa- 
tions it  will  be  seer,   that  the   location  of   this  image   has  an  important 
bearing  on  one   of  the    corrections.      In   adjusting  the   bell-jar  this 
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reflected  beam  was  nuae   to   psSB   directly  above   the   point  on   the   prjsra 
frrm  ■.vhich  the  incident  light  proceeded.      A  reference   to  Fig.  3 
will   show  this   reflected   image. 

The  heating  coil  in  the   constant  tempfcreture  box  consisted  of 
several  hundred    feet  of  fine   german  silver  wire,   two   coils  being 
connected   in  parallel  to   the   22C   volt  direct  current  circuit.      Tl^e 
regulfition  of  the   temperature   depended  upon  the  expansion  or  con- 
traction of  F  IfTge  quer.tity  of  mercury  contained  in  an  inverted  U- 
shaped  tube   so   es   to  gi*e   a  large  surface    compared   to    the  amount  of 
mercury  used.     The  battery  connections  of   the    relay  circuit  y/ere  made 
through   f  small   cayillery  tube    connected   to   the  U-tube  ct  the  bend. 
The   cir  vms   freed  from  moisture  by  passing  it  through   sulphuric 
fcid   and  over  phosphorous   pentoxide.     The   pressure   in  the  bell- jar 
v;8s  measured  by  a  mercury  manometer,    the   readings  being  reduced   to 

mercury  at  O^C.      Readings   of   ten;per8ture   were  mrde   to   1_  o     C.      and 

20 
pressure   to   one-tenth  of   a  millimeter. 

Temperature   Considerations. 

Preliminary    experiments  showed   that  the  greatest  difficulty 
to  be  overcome  vbs   the    change   in   tei!!pcrature   of   the   grating  between 
exposures,    due   to  a  thermodynamic  increase   or  decrease   in  the   tenpera- 
ture  of  the   surrounding  air  when  the  pressure  was  increased  or  decreased. 


12 
The   resultent   chfjige   in   the   teiriperature   of   the  eir  itself   is  neg- 
ligitle   so    fer  es   the   density  of  the   eir  is   rffected,    but  the   high 
coefficient  of  expension  of   t 'B  metal  of   the   gruting  causes   chBnge 
in  the   grating  spfce,    snd   this   in  turn  causes   a  considerable  shift 
of   the   Fpectrvm  lines   for  even   s  small    frpcticn  of   e   degree   change   in 
temperature.     Upon  reducing  the  pressure   in  the    lell-jar  to  a   frpct- 
'ion  of  a  millimeter  cf  mercury,    a   sudden   drop  of  stout  1**C  was   indi- 
cated ty   the    thermcmeter  whose   bulb  was   insioe   the   enclosure.      Then 
the   thermometer  began  to  rise   and  sfter  fifteen  or  twenty  minutes 
eppsrently  reached  a  steady  state.     After  waiting  ten  minutes  longer 
the  pressure   of   the  fir  was   raised  to   f^tmos pheric   ji-essure   and   the 
therF:ometer  shoved  a  rise   of  stout  l^C  above    ths  steady  state  point. 
Then  it  slowly   came   tack   to   the    original   value.-  A  rough    calculation 
indicated    thrt   the   frctual   ch«nge    in   the    ten.pcrature   of   the   E.ir  alone 
was  in   the  neighborhood   of   lOCoC,   but  the    greater  the   heat  capacity 
of  the  surrounding  materials,    the   less  would  be   the   change  in  their 
temperatures.      From   these   numrricai  considerations  we    should  expt^ct 
that  the   chan.es   in   the    temperature   cf   the    grating  would   te   sufficient 
to  make   a  large   error  in   the    final  results. 

If   one   cculd    tell  when    the   fratin;j;  reached   n   steady  state    the 
difficulty   wx;uld   te  overcome,    but   it   is  evident   that   there   is   a   con- 
siderable  temperature   lag  in  the   /.rating  with   reference  to  the   ther- 
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moraeter.      fji  sttempt  to   settle   trip   point  v.'f.s  Ti?de   by  the   use   cf  a 
thernio -couple,    one   set  of  junctions  being  insulBted  and   imbedded 
in  e  trass  block  attfxhed   to   the  edge   of   the   g^i-ating,    the   other  set 
being  Esinteined   at  0°C.      It  v/ae   et  once    recognized   thpt   the   effect 
shown  by   the   galvanometer  was  not   that  alone   due   to   the   heating  or 
cooling  of  the  grating   ,    but  in  addition  an  effect  due   to  the   con- 
duction of  heat  to   or   from  the   junctions  by  the   leads  which  had   to 
pass  unprotected   through   the   air  in    the   enclosure.      Any  change   in   the 
temperature  of  the  air  would  be   conducted   to   the   junctions  and  pro- 
duce a  deflection  of  the   galvanometer.     Although  it  was   impossible 
to  separate  one   effect   from  the  other,   nevertheless   the   attempts 
shov/ed   thet  even    rfter  an  interval  of  one  hour  the  grating  was  still 
changing  in   temperature.      The    thermo-couple  was   sufficiently  sensitive 
to   detect  a  change  of  l/lOCC®C. 

An   attempt  was  then  msde   to  avoid   the  difficulty  by  lowering 
the   teni.perature   of   the   air  before   letting  it  into   the   hell-jar.      The 
general  scheme  was   to   lov;er   the    jressure   and   allow  the   pppfratus   to 
remain   for  eeveral  hours   or  sufficient  time    for  conditions   in  the  bell- 
jar  to   become   steady;    then  tc    cool  the    air  lelcw  room   terrperature   by  en 
amount  sufficient  to   counteract   the   thermodynamic  rise,    snd   let  it   pess 
into   the   bell-jar.      p.  compact  brass   coil   of  hepvy  walled   tubing  of  small 
inside   diameter  vsp   connected   in   the   circuit   just  below  the   opening   into 
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the   lell-jar.      TKe   coil  'A'bs   irnrnersed   in   liquid  sir  end   pilowed   to 
remp-in  bo   until   it  wes   tborougMy  cooled.      Tre   sir  was   pfissed   slowly 
through  this   coil  into   the   evecuRted  bell-jar,   but  the   same  rise  in 
temperature,    &s   indictted   by   the   therniometer,   wes  observed.      This 
method  hud   to   be  discarded. 

Although  this  error  due   to   temperature   chsnges   could  not  ppptreritly 
be   done    eway  with,    it  was   decreased   to   fi  certain  extent  by   filling 
all  the  unnecessary  space   in  the  bell- jar  with  pieces   of  metal  with 
high  specific  heete  ejfid  large   absorbing  surfaces.     This  not  only  de- 
creased the   percentage   of  heat  absorbed   or  given  out  by  the  grating, 
but  it  decreased   the  amount  of  air  and   consequently  the   total  change 
in   temperature  due  to  the   thermodyneinic  processes. 

Finally   the   scheme   of   lowering  and   raising  the    pressure   of   the 
air  at  intervals   of  twenty  minutes  and   xaking  all  exposures  three 
minutes  before   and  thi-ee  minutes   after  letting  the  air  into   the  bell- 
jar  was   f.dopted.      In  this  way  the  error  due  to  temperature   chanj!6s  will 
be   the  same    for  all  observations.     The  above   cycle  of  operations  was 
repeated  several  tigies  before   any  observation*  were  made.      Some  kno'.^-ledge 
of  this  error  was  ob'^.ined  by  taking  a  series  of  observations  at  time 
intervals   other   than   three   minutes  before   and   after  letting  in   the   air. 
As    fpr  as   the   srift  of   the    spectrum  line   due   to   the   change   in  density   of 
the   gee   is   concerned    ,    the   effect  en   this   shift  due   to   the   small  change 
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in  temperature   of   the   greting  ie  negligible.     So  this  density 
shift  is   prrcticaliy  .constent   for  tne    exposures   at  intervBls   other 
thfsn  three  minutes.     Eut   the   smcunt  of   the    r-dditionel   shift  due   to 
grating  temperature   chsngee   depends  upon   the   time  before   Knd   fifter, 
at  which   the   two  exposures   are  me.de.       Thus  if  one   plete  ie  mrde  tak- 
ing an  exposure  3  minutes  before   pnd  1  minute  after  letting  in  the 
air  and   p   second   plate   2  minutes   before   end   1   minute   after,    the  dif- 
ference between  the  shifts   of  any  definite     line  on  the   two   plates 
will  give   the   shift  due   to   the   grating  temperature   change   in  the   inter- 
val  from  3  minutes  before   to  2  minutes  before   letting  in  the  air.   This 
vae   carried  cut   for  intervale   of  ten  minute!?   before   and   after  letting 
in  the   air   taking  obfervations   for  every  minute.     The   results  were 
sufficient  to   indicate   that  at   tht   time   adopted    for   the    first  exposure 
of  a  plate   the   temperature   of  the  grating  was  rising  ar.d   continued   to 
rise   receiving  an   additional  impulse  when  the   pressure   of   tt.e  air  was 
increased.   This   rise  continued  through  the   time  adopted    for  the  second 
exposure  and   then  began  to   fall   passing  through  e  zero  value  about  the 
time   set   for  the   lowering  of   the   pressure   of   the   gas.      The   amplitude   of 
the  change   for  the  interval  of  six  minutes  between  the   two  exposures 
was  about  what  was  to  be   expected  if  the  entire  error  wae  due   to  this 
temperature    change.      A.s   the   total   change   in   the  shift   is   only  a   few 
thousandths   of   a  millimeter,    it   is   asking  too  much   of   tne   irethod   to 
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expect  p  determnetion  of  this   ten-pcrature   error  to   the   same  degree 
of   pccuracy  rs   is   required   in   obtaining  the    totel  shifts. 

The  only   course   Itft  open  was   to   teke   the  mear.   value   of   the 
known  values   of  the   index  of   refi-action  of   sir  for  some    line   in  the 
visible  spectrum  and   refer  all  observations   to  this  one   value. 

Results. 


Cbservations  were   nifsde   rt   intervals   of   p;;out  2C0  A.U.,    three 
or   four  pletes   being  mpde    for  each  region.      Tnie   geve   a  laeens   of  check- 
ing the  rrieasurements  taken   from  e  single  piste.     In  every  case   tried, 
the  values    from  two  different  pistes  were    found  to  agree. 

The  position  of  tr.e   lines  on   the   plates  and   their  correspond- 
ing shifts  were   measured  by  a  travelling  microscope,    the   screw  of  which 
was  mfde  in   the   same  v;ey  f.s   the  screws   for  the  Rowland   ruling  machines. 
I'easurements  were  made  to  l/lOOO  mm.     In  cases  where   the   lines  on  any 
one  plate  .vere  numeroue,    only  these  best  adapted  to  mtesurement  were 
selected.   Each   line   and   its    corresponding   shift  were   measured   en  an 
average   of   six  rr  seven  times   and   the   -.:eEn  of   the   results    taken. 

Position  Correction;-       In  the  preliminpry  experiments  it  was 
noticed   that  the   shift  was   not  only  horizontal,   but  vertical   to  a 
small  degree.      In   looking   for  f.n  explanation  of   this,    it  was   found 
that  a   correction,    depending  upon  the   distance   of  the    line    from  the   center 
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of  the   plate,   brd   to  be  mtde.     This  correction   can  te  deduced  with 
the  eid   of  Fig.   4.     The  only  essential  p<-.rt6   to  be   consiaered  are 
the   qurrtz  plrte,   V/,    which   perves   fs  a  boundary  between  the   outside 
sir  and  the  enclosure,    and   the   photographic  plate.     If,  when   the 
pressure   in  space   2  is   the  seme   as   that  in  space   1,    the   path  of  the 


Fig.  4. 
ray  from  the  grating,  G,    to  the    jhctcgraphic  plate  is  ABC,    its  path, 
when  the  pressure   in  2  is  less   than  that  in  1,   will  be  aED  due   to  the 
deviftion  of  the   ray  as   it  passes    from  f.  rarer  to   a  oenser  r.iedium. 
At   the   cen^jer  of  the  optical  system  this  will  not  occur   for  the   ray 
is   normal   to   the   quartz   plate,   W, 

Let  n'   =   tne   index  of  refraction  of   space   1  with    reference    to 

epace  2  at  the   observed   temperaturie   and  pressure.   Ti-is 
value   of  n'    is   derived    from  measurements   at   the   ce.-.ter 
of  the   pnotc graphic   plate  where   no   correction  is  nec- 
essary. 


vV 
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Let  t  =   distsnce  LD,  or  aiett-nce   of  line  from  center  of  plate 
Let  9  =  tilt  of  photogrephic  plate 

Then  CD  =  (  n'  -£  cos  9   -  t   cos  9   )  E  E  ,  approximately 

LB  EB 

=   (   n'-l)    t  cos  9 
On   fccount  of   this    error  the   measured   shifts   taken   from  the   half 
of   the   plate   towerds   the   red   end   of    the   spectrum  ere   too   small, 
and   those   cf  the  other  half  too  large.        In  referring  the  shifts 
to  the  center  of  the   plate,    the  nfccve    correction  had   tc  be   f:dded   to 
or  subtrpcted   from  the  measured  values  of  the  "red"   end  or  "blue" 
end   respectively  of   the    jlate.        Obviously  it  was  very  necessary  tc 
determine    ti,e   center  of  the  photographic    jlate   end   this  v;as  done   by 
means   of   the   image   of   the   slit  reflected   from   the    front  surfece   of 
the  quartz  window.  This  has  been  discussed  in  the   section  on  the 
apparatus   and   method. 

The  values  cf  the   shifts,    after  the   above   correction  hfid  been 
made,   were   reduced   to   standerd   conditions.      As   r:   result  of  many 
experiments   the  following  relation  between  the   index  of  refrsction 
of  P   substance   and   its   density^ 

n   -  1       =   constant 

hfis   heen  well  este.blished   by  meny   investigrtors. 
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Further,    the   shift   for   eny  definite   wave -length   is   such   that 

n  -  1       =   const. 
/UK 
Hence,   putting AK  =  e,    it  follows  thst 

s  —  const. 
? 

Cr,    p.xpreseing  /O  in  terms   of  pressure   and   absolute   temptrpture 

8^  T  _.  =    ccnst. 
P 

Kence,   if  s^     is  observed   nt  temperature  T,    and   pressure  p^    (   ex- 
pressed  in  mm.    of  ir.ercury  ),    the   value   of   s  which  woulo   have  teen 
observed  if  the  temperature  had  teen  0°C     and  the  pressure  760  mm. 

is  given  by  the   formula 

s  273         =  6,    (    273-»t, ) 
760  p, 

or     s  =  s,      76C_       _213_  •*•   t, 


P,  273 

AS   the   shifts  reduced  to  stsnderd   conditions  were   gi^/eri  in  milli- 
meters,    it  was   then  necessary  to   reduce    the:.n  to  Angstrom  units.      To 
do  so  the   dispersion   for   each  line   of   the   plate  had   to  be   calculated. 
The  positions  of  three  lines,   one   Ft  the   center  of  the   plate,    x^,    end 
one  near  each  end   rf  the   plate,   x  and   x^^   respectively,   were  cartfully 
measured.      It  was  essumed    that  any   tv;o   wave-lengths  v;ith   their  corre- 


2C 


spending  poeitione  obeyed  the  following  relation, 
\-\  =  a(  x-x)  +  B(  x-x) 

O  c  e 

in  which)  A  and  E  are  ccnstsnts,    x^  the  position  of  K^cn  the 
plfte,    end    x  the   position  of  »ry  other   line   K.      K^ie   taken   es 
near  as   possible   tc   the    centre   of  the   piste.      To   obtain   the   vaiuee 
of  A  and  B  the  three  lines  mentioned  above  were  used.      Differentia- 
ting tht   expression  we    rave 

dk     =   A  ■<•   2E   (    x^-   X  ) 
dx 
Then  if  x,is   selected,    the  dispersion  Rt  any  other  point  on  the   plate 

indicated  by  x  is   known    from  the   f:bove   relrtions.      All   the   shifts 

were   then  multiplied  by  the  value  of  d^  for  the   corresponding  value 

dx 
of  X.        The   resultant  values   are    the   respective   changes   in   the  wave- 

len:;;th6  of  the   different  lines   of  the   spectnm  as  thepressure   is 

changed  by  the   amount  observed.      According  to  equation  (l),   n  -  1 

=  Ak      ;   hence   the   values   rf  n   -   1   could  be    calculated.      The  wave- 

K 
lengths   cf   the   lines  vere   taken    from  Ksyser's  Handbuch. 

A  specimen  of  the   results  is  given  in  the   following  table. 

This  is  one  of  the   seventeen  tacles  obtained. 
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I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX. 

0 

6K  (A.U) 

x(raTi) 

k(A.U) 

5  (mm) 

S(nira) 

S(iiim) 

dx       nm 

A^;A.u) 

n-1 

X,  2  56. 188 

4199.25 

.5501 

.5338 

.5943 

2.1285 

1.2650 

.000301:? 

'258.483 

4204.15 

.5506 

.6349 

.5956 

2.1276 

1.2671 

.0003014 

259.964 

4206.87 

.5509 

.5355 

.5362 

2.1256 

1.2673 

.0003012 

For 

263.039 

4213.82 

.5505 

.5360 

.5968 

2.1232 

1.2671 

.0003007 

>       \=4219.52 

264.243 

4216.33 

.5508 

.5366 

.5984 

2.1223 

1.2699 

.C003C12 

n-1  =.0003011 

266. 74C 

4219.52 

.5514 

.6376 

.5986 

2.1211 

1.2696 

.OC03CC9 

277.955 

4245.43 

.5540 

.5433 

.6049 

2.1115 

1.2772 

.000300^ 

288.707 

4268.93 

.5565 

.5486 

.6108 

2.1032 

1.2347 

.0003 00l\ 
.0003006 

290.574 

4271.95 

.5562 

.5466 

.6111 

2.1017 

1.2843 

295.643 

4282.59. 

.5575 

.5514 

.6139 

2.0978 

1.2879 

.0003007 

297.103 

4285.60 

.5567 

.5510 

.6135 

2.0966 

1.2863 

.00C3CC1 

301.239 

4294.32 

.5587 

.5541 

.6170 

2.0934 

1.2916 

.CGC300S 

For 

3C5.647 

4305.63 

.5590 

.5558 

.6188 

2.0892 

1.2928 

.0003003 

\  =  4316.29 

3C7.B18 

4308.09 

.5598 

.5569 

.6201 

2.0883 

1.2950 

.0003006 

,  n-1  =.0003005 

1 

A.311.262 

4315.29 

.5605 

.5585 

.6219 

2.0856 

1.2970 

.0003006 

319.000 

centre  c 

f  plate 

321.803 

4337.24 

.5624 

.5631 

.6270 

2.0774 

1.3025 

.0003003 

329.352 

4352.90 

.5637 

.5664 

.6306 

2.0715 

1.3063 

.0003001 

337.578 

4369.95 

.5661 

.5709 

.6357 

2.0651 

1.3128 

.0CC3C04 

340.558 

4376.11 

.5662 

.5718 

.6367 

2.0628 

1.3134 

.C'OCSOOl, 

344.242 

4333.71 

.5668 

.5734 

.6384 

2. 06 CO 

1.3151 

.0C03CG0 

354.535 

4404.95 

.5700 

.5792 

.6449 

2.0519 

1.3232 

.0003 0C4 

356.323 

4408.58 

.5697 

.5794 

.6451 

2,0505 

1.3238 

.0003001 

1               For 

363.212 

4422.74 

.5713 

.5828 

.6489 

2. 0451 

1.3271 

.CC03001 

'     K  -  4408. 5B 

365.530 

4427.50 

.5726 

.5847 

.6510 

2.C433 

1.3302 

.CC03004 

n-1  =.0003001 

367.145 

4*30.79 

.5713 

.5838 

.6500 

2.0420 

1.3273 

.0002996 

>i.372.S78 

4442.52 

.5736 

.5876 

.6543 

2.0376 

1.3332 

.00C3001J 

t  =24.6°C;  p,  =  744.1 


mm;  angle  of  tilt  of  camera 


=  12^;   3rd  order  of  grating. 
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In   tne   etove   teble   column  I   gives   the   relptive   positione   of 
the    lines  en   the   photogrpphic   piste ;    column  II   the   correeponding 
wave-lenhjths   bs   taken   from  tfibles  in  Kayser's  Handtucb;    column  III 
the  mean  velues   of   the   shifts   mcBsured ;    column  IV,    the   shifts   cor- 
rected  for    the   distsnce   of   tre   linr    from  the    center  of   the    plete; 
column  V,    the   shifts   reduced    to   st^ndsro   conditions;    column  VI, 
the  dispersion  in  ;r.gstrcm  units  per  millimeter  es  measured  on  the 
photogrephic  plate;   column  VII,    the  shifts   in  Angstrom  units,   or 
rather  the   change   in  v;ave-lenc;ths   due   to   the    chengc   in  pressure; 
and   column  VIII   the  velues   of   (    r.   -  1   )    r;S    calculKted  by  equation 
(l).     The  calculation  of  the   index  of  refraction  from  one   line 
Filone   is  not  very  relisile,    for   the  physical   chr^rscteristics   of 
the   line  may  be   such   (-.e   to   influence   the   results.      For  this    reason 
the   practice   of  deterndning  the    finsl  vnlues    from  a  number  of  lines 
has  beeri   sdhered   to.      This   is   shown  in   column  IX.      The   velues   of 
n  -  1  were   reduced  to  one  p^rticulfir  line  by  taking  as  nearly  es 
possible    -.he   same   number  of  evenly  spaced   lines   or  eeci    side   of  n   cen- 
tral line,    and    te  .-dng   the  mean  of  the   valuta .      This   prsctice   is   per- 
missible   in   the   region   of   the    spectrum  where   the   dispersion   is   com- 
pfiratively   smsll,    but  in   the   ultra-violet   the   separate   va  Mee   of 
n   -  1  were   reduced   tc   one   pfrticulF..r   line  by  the   use   of  Kayser  and 
Runge's  dispersion   formula  and   the  meen  of  these  reduced  values 
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taken  ps  e   finsl   vtlue.      The   tsi.le   t'iven   r.tove   represents   one   of 
the   better  sets   of  observnticns.      In   some   cases   values   of  n   -  1  bfjd 
to    ce   fietermined    from  e   less   number  of  lines. 

Since  the    temperature   ccrrocticn    for  the  shifts  was  not  de- 
termined it  v/es  nccessery  to  select  some   iron   line  whose   index  of 
refraction   for  sir  has  been  well  determined  by  other  observers, 
Bnd   refer  all  values   tc  this   line.     For  this  purpose   the   line 
K  =  4315.29   'A'as   eelected.      The   index  of   refraction  wes    celc.lBted 

from  the  dispersion   formulee   of  Kayser  and  Runge^    |   Rentschler^ 

(3) 
and  K!is8  Howell     ,   the   values   obtained   for  n  -  1  being  .0002961, 

.OCC2959   and    .0002956.      The  mean   of   these   is    .0002959.      The   value 
obtained  in  the   present  investigftion  was    .0C03CC5,    thus  giving  a 
difference   of   .GCCG046  which  will  be   called   the   temperature   cor- 
rection.     From  the    following  discussion   it  w^ll  be   seen   that  this 
correction  is   constant  for  all  regions  of  the   spectrum;    and   the  cor- 
rected  values  cf  the  incex  of   refraction   for  air  for  ell  wave-lengths 
is    found  by  subtracting  this   correction    from  the   computed   values. 

The   formula  for  the  Ilttrow  type  cf  mounting  of  the   plane  grat- 
ing is 

mK  =  a  (    sin  9  +   sin  i  ) 


(1)  Kayser  end  Runge  "Ann  d.  Physik"  (50),  293,  1893. 

(2)  Rentscrler,  "Astrrphysicel  Jl."  28,  345,  1908. 

(3)  Wise  Hov«ll,  Physical  Review,  VI,  SI,  1915. 
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where  m  is   the   order  of   the   spectr'om,    A.   the  weve-len^th   of   the 
spectrum  line,    a  the   greting   spree,    9   the    sn.-^le   the   incident  light 
mekes  with   the   normel   to   the   grating, and   i  the   sn^-le   cf   the   re- 
fracted beam.       For  the   present  discussion  9  and   i  can  be  con- 
sidered  Fs   reaiflining  constant.     Suppose   a  temperature   chanj=«   in 
the  grating  occurs,    then  the  expansion  produces   a   change,  O  a, 
in  the   grating  spece.     The  corresponding  change  in  the  wave-length, 
0  K,    is  given  by  the   relation 

mSk  =  (fa  (    sin   9  +   sin  i  ) 
Dividine  thi?  expression  by  the  one   ptove,   we  have 

Sk  -  Sp.     =   constant,    if  the    chani^e    da  is   a   constant  in 
\  8 

every  case.       The  exposures  were   c;rried   out  under  exactly  the  same 

conditions  so  that  Ja  would  be  s  constant.     Therefore   the  correction 

to  n  -  1     for  temperature   changes  is   e  constant   for  all  velues   of  K. 

The  indices  of  ref-raction  of  air  for  the  (different  wT-ve -lengths 

obtained   in  this  manner  are  given  in  the   following  table.     The   first 

column  contains  the  values  of  the  wave-lengths,   the   second,    the 

observed  values  of  n  -  1,    and   the   tnird    the  corrected   values  of  n  -  1. 

In  the   fourth  column  are   recorded   the  number  of  lines  observed  in 

determining  n  -  1   for  the   specified  wave-length,   K.. 
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) 

s. 

n-1 

n-1 

Kg.  lines  used 

(A, 

.U.) 

(observed) 

(corrected) 

in  determining  (n-1) 

6411, 

.90 

.0002956 

.0002910 

3 

623C, 

.93 

.CC02960 

.0002914 

4 

5615, 

.39 

.CC02965 

.0C02919 

8 

54C6. 

.02 

.0002958 

.0002922 

8 

5328. 

.21 

.CCC2971 

.0002925 

4 

5269. 

.70 

.CC02971 

.0002925 

3 

5202, 

.49 

.CC02972 

.0002926 

9 

5139, 

.64 

.0002975 

.0002929 

1 

4879, 

.39 

.0002986 

.0002940 

7 

471C. 

.46 

.CC02988 

.0002942 

2 

4618. 

.95 

.0002991 

.0002945 

7 

4517, 

.70 

.00)02997 

.00029  51 

9 

4408. 

,56 

.0003001 

.0002955 

7 

4315, 

.29 

.0003005 

.0002959 

12 

4219. 

.52 

.0003011 

.0002965 

7 

4118, 

.70 

.0003015 

.0002969 

18 

3941. 

.03 

.0003023 

.0002977 

12 

3S67, 

.35 

.0003027 

.0002981 

10 

3651, 

.61 

.0003043 

.0002997 

12 

3575, 

.60 

.00.03049 

.0003003 

3 

3450, 

.46 

.0003058 

.0003012 

12 

3292. 

.73 

.0003076 

.0003030 

11 

3037. 

.51 

.0003107 

.0003061 

9 

2727. 

.64 

.0003165 

.0003119 

14 

2664, 

.77 

.0003184 

.0003138 

4 

2il3, 

.91 

.0003205 

.0003159 

11 

3567, 

.01 

.0003228 

.0003182 

6 

2493. 

.34 

.0003268 

.0003222 

4 
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The   dispersicn   curve   is   e  r:ovra   in   Fig.    6.      Curve  I   indicates   the 
values  obtained   frcm  the  observed   values  cf   the   shifts  of  the  lines 
on  the   rjhotogrBphic  plete,  while   curve  II  represents   the  values   of 
n   -  1   referred   to    the   known  value    for  the   line    >v  =  4315.29. 

It  is   customfry  to  expresp   dispersion  curves  in  terms   of  the 
Cauchy  formula 

n-l  =  B+b+    c 

7*-    I-* 

although  this  is  of  no  theoretical  importance.      It  is  given  here 
so   that  the   results   can  be   compared  with   tno3fc   of  other  observers. 
According  to  Cuthbertson 

n  -  1  =  IC"'^  (2885.4  +   13.38       +    .50     ); 

(2) 
Kayser  and  Kunge  find 

n  -  1  =  IC*''  (2878.7  +    13.16       +    .310       ) ; 

Hentschler'^'    finds 

n   -  1  -  lO'"^   (2903  +   3.8C       ♦    1.23     )    ; 


hj-  /.* 


(4) 
Wise  iiowell         finds 


n  -  1  =   IC""    (    2681.7  +   11.63     +  _AB   )  where   >k  is   expressed 

k^  k'* 


(1)  Log.  cit. 

(2)  " 

( i\        «  "I 

(4)      "  " 


27 

in  tlousandtbe   of  e  millircexer.       In  the   present  investigetion  the 
Vfilues   cf   the   constfnts,    e,   b   r.nd   c,    in  the   Cnuchy   formula  were 
obtained  by  the  method   of  leest  mean  squnreB,    end    tne   following 
formula   >/e.6   found 

n    -  1   -   IC"''    (    2S78.12  +   11.59       +    .551       ) 

This  is   in   good   agreement  with   the   formula  of  Kayser  and  Runge  end 
that  of  ^■ise  Howell. 

Di6cup8ion  of  Results. 

In   plotting  the   values   of   (    n   -  1   )    pgsinst  the  wave-lengths    , 
it  •■■'PS   found   that  a  remerk^bly  smooth    curve   could   te    traced   through 
the  points.     In  on"ly     one   case  did   e  point  fail  to  touch  this  curve. 
Tljis  point  is   tVe  one   corresponding  to   />.  =  4879.39   and   the  reason   for 
this  can  be    found   in   the   physical   chtracteristics   of   the   lines   in   this 
region.      Apparently  they  are  broad  and  net  iwell-def ined,    end   accurate 
settings   on   them  were  almost  impoesible.     As  the  iron   arc  gives  sharper 
lines    in  the   violet  and   ul* re-violet   it  is   safe   to   say   thst  the  values 
below  \  =  4500  are  more    fccurate. 

The  magnitude   of  the   sirift  is   also   a  deterraininn  factor  in   the 
accuracy  cf   the  results   ss  well  as   the   sharpness   of  the   lines.      As 
dispersion   in   a  grating  increases  with   the  n'umber   of   the   order  of 
spectrum  used,   mere   accurate  results   can  be  obtained  with  the  higher 
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orders   provided   the  intensity  of  the    spectrum  line  does  not  de- 
crease   too   rapidly.     The   tbird   order  was   used   c'^ove   K  =  43CO 
and   the   shift   taken    from  the   plate   varied    from  .55  mra.    to   .92mm. 
From  >v  =  43C0   to  K  =  3C0C   the    fourth  order  was  used    the   measured 
shifts  varying  from  .7  6mm.    to   .52  mm.     Belcw  ^  =  28CC  the  third 
order  was  used,    the  measured   shifts  being  of  the  order  of  magnitude 
of   .45  mm.    In   this  It.st   case   the   focus  of  the  lens  changed  rapidly 
end   the  photographic  plate  had   to  he   tilted  so  that  its  normal  ms.de 
a  If.rge  ajng5.e  with   the   axis  of  tre   lens.     This  increEsed  the  dis- 
persion and   it  accounts   for  the   large  value  of   the  ireasured  shifts 
even   though   the   third   order  of  spectrum  res  used.      Thus  it  is   seen 
that  even  in  the   extreme  ultra-violet  the   accuracy,    so   fer  as   the 
magntidue  of  the   shift  is   concerned,    is   abfut  the   seme   as  that  in 
the   regions   of  lonc:er  vave -lengths. 

The  dispersion  curve  was  extended  as   fur  as  K  =  2493.  The 
reason   for  not  extending  it   ffirther  is    found   in   the    arrangement  of 
the   apparatus.     The  opening  in  the   tell-jfr  was   too   S!-;all  to  allow 
the   use    of  all  the   grating  sppxe   and   as   this  was    limited  by   the 
dimensions  of  the  quartz  plate  covering  it  no   chan -e   could  he  mude 
at  that  time.     VAien  ordf.ring  the  quartz  plate  this  point  ■•fs   over- 
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looked.      The  intensity,    consequently,   wes   greatly  reduced   and 
longer  exposures   then   tboee  used   were    found   unciesirslle   on   account 
of   tbe   temperature   chEng,es   in  the   grating. 

From  a  ccnsiceration   of  a  number  of  separate  measurementB  which 
ere   p.ssocieted  with  a  single  value  of  n  -  1  end    the   good   agreement 
of   these   measurements,    it  is   safe   to   say  that  the    fourth  significant 
figure    is   deterrrdned   to   a  fair  degree   of  accuracy.      It   can  be   relied 
upon  to  be   correct  to  within  -icve niril  unite. 

As    fpr  &s   the  metVod  is  concerned   there   seems   to  be  only  one 
serious  difficulty,   -  the  effect  of  teraperature   changes  as   the  press- 
ure of  the  gp.s   is   changed.     It  is  believed  that,   with  more  time   snd 
several  improvements    in   the   present  app.-ratus,    the   value   of   this   tem- 
perature  correction   can  be  deterrdned  and   consequently  the   absolute 
values   of  n  -  1.      Any  change  which  will  shorten  the   time  cf  exposure 
and   increase   the   oispereion  without  &   loss   to   the  sharpness   of  the 
spectrum  line  will  give  a  greater  accuracy  to  the  results.        This 
can  be   done  by  increasing  the   a.vcunt  of  grating  space   used,   by   the 
use   cf  a  grating  with  bright, higher  orders,    and   the   substitution  of 
a  lens  of  lon^:er   focal  length,    keeping  the  ratio  of  aperture   to 
focus   the   sanie.      The   ratio   in   the   present   frrengement  is   about  l/oC. 
The   author  hopes   to    continue   this  v/crk  in   the   near   future,    using 
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otber  gF'Ses  besides   sir.      In   the    present   form   this  method    is 
epplicable  to   gssee  which  do  not  injure   the   grsting  and    for 
which  a   single   vslue   of   the   incex  cf   refrection   is   kncvTi. 

Among  the   advantages   of   this  method    the    following  may 
te  mentioned:   First,   eny  source   of  light  may  te  used  which  gives 
fpirly  sharp  lines,    the  nunber  being  immaterial  provided  there 
are   enough   in   any  one  region   to   deternine    the   dispersion;    second, 
the   fin&l  value  of  n  -  1  is  not  obtained   from  observations   on  a 
single  line;   third,   values  of  n  -  1  can  be  obtained   for  wave- 
lengths of  ell  lines   that  can  be   photographed   in  a  reasonable 
length  of  time  using  an  ordinary  gratine,  spectrometer.     This 
Ip.st  fact  makes  the  method   a  very  desirable  one   in  extending 
into  the  extreme   ultra-violet  the   dispersion   curvts  of  gpses. 


Summary. 


1.         The  sppliceticn  of   the    ylane  grating  to  the  determina- 
tion of  the  index  of  refraction  of  gf-9.ee  has  been  thoroughly 
studied   and    the   only   pericus   difficulty   found   to  be   one   due   to 
temperature   changes, 

Z,         The  dispersion  curve   of  air  has  been  obtained   from 
/^  =   6412   to   >v  =   2493. 

3,.        The   ficcuracy  of   the    corrected   values   of   the   index  of 
refraction  of  eir   agree  with   those   obtained   by  other  methods. 
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In  conclusion  I  wish  tc   tnenk  Dr.  fijiQer8on,who  suggested   the 

present  problem  end  whose   interest,  help  pnd   constant  encourage- 
ment have   leen  inveluetie. 

I  am  indebted   to  Professor  ^^mes  for  his  interest  and  advice 

throughout  the   course   of  the  work.  I  wish   flso   to  thank  Dr. 
Pfund    for  hie   advice   and   helpful   suggestions. 
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